This work analyses the market value of second hand agricultural tractors in Spain for the period 1999-2002, with the aims of obtaining the most appropriate valuation models (through the use of ordinary least squares regression) and proposing an empirical model that estimates the true depreciation of these vehicles. Differences in tractor depreciation were studied in terms of the three horsepower groups normally employed (< 60, 60-90, > 90 hp), as well as in terms of a new power classification (< 80, 80-133 and > 133 hp) that appears to better reflect the influence of horsepower on the change in market value. The results show tractor depreciation to be exponential, with larger, more powerful tractors depreciating more quickly than smaller machines.
Introduction
The mechanization of agriculture has led to remarkable advances in the competitiveness of agricultural products, reducing the costs of their production and increasing the profits enjoyed by farmers. Manual labour costs have been gradually (although greatly) reduced, but machinery costs have increased, particularly those associated with fuel and lubricants, insurance, housing/ storage, maintenance, repairs and the depreciation rate. These last three components are often confused by managers, who frequently, yet erroneously, understand them to be synonymous. Maintenance and repair cost are relatively easy to obtain and a number of studies in this area have been published [e.g., see Frank (2003) , who studied these costs in combine harvesters in Argentina]. However, the depreciation in the value of farm machinery (the consequence of its use and the passage of time) is without doubt more difficult to understand. It is now common for business managers to use theoretical models to try to estimate this. However, rather than rely on such theory-based models, it would be better to take into account the change in the real market price of these vehicles.
Theoretical models of depreciation can be classified into three main groups depending on the weight assigned to each year of usage: linear, increasing or decreasing. In Spain, only certain methods of determining the theoretical depreciation are officially accepted with a view to fiscal effects, but these models cannot guarantee a true reflection of the depreciation suffered.
In the USA, several authors have studied the depreciation of the value of farm machinery using the «present value method» (Audsley and Wheeler, 1978; Musser et al., 1986) . Other American authors (see below) have sought to estimate the value of used machinery and thus determine its true depreciation. This has involved the use of economic regression methods, which are well developed in the USA due to the large amount of information available. For example, Peacock and Brake (1970) , McNeill (1979) , Leatham and Baker (1981) , Reid and Bradford (1983) , Perry et al. (1990) , Hansen and Lee (1991) , Cross and Perry (1995) , and Unterschultz and Mumey (1996) used information from manufactures' catalogues and concessionaires. All of these authors used the regression method to estimate the remaining value of machinery, taking into account variables such as age and technical characteristics. Table 1 provides a brief summary of these im- Cooper (1994) conducted similar studies in England, using econometric models. In Spain, such studies have only been performed by Arias (2001) and Guadalajara (2002) , and both were based on information obtained from a second hand marketing publication «Marketing Ocasión de Maquinaria Agrícola (MOMA)». The first of these studies dealt with the depreciation in the value of tractors using data corresponding to the last six months of 1997. The main conclusions were that depreciation was most intense during the first year, and worse for four-wheel rather than two-wheel drive tractors. The second study estimated depreciation in tractors in Spain and Italy during the years 2000 and 2001. In both countries the power, traction, and age of the machines were the most influential variables. It was also shown that the life of a tractor in Spain is longer -in fact almost double that of a tractor in Italy.
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Two promotions/legislations dating from 2005 have lent support towards making use of the real depreciation in the value of agricultural machinery in Spain: the Plan Renove promoted by the Spanish Ministry of Agriculture, Fisheries and Food (MAPA), and the introduction of the International Accounting Standards (IAS). The Plan Renove provides a series of subsidies for the renovation of Spain's tractors; this is managed by the Autonomous Regions of Spain and supported by the Asociación Nacional del Sector de Maquinaria Agrícola y Tractores (ANSEMAT). The IAS system was introduced to better reflect the true market value of farm equipment etc. The value set is meant to be the most probable market price obtainable on a theoretical day of sale. It is recommended that this value be determined by an independent expert.
Information regarding the situation of agricultural machinery in Spain is provided by two official sources: the MAPA [for example in the publication «Análisis del parque de tractores agrícolas» (1996) , and the Registro Oficial de Maquinaria Agrícola en España (ROMA)], and a private source, the ANSEMAT. Both sources recognize the importance of agricultural tractors in the farm machinery family, a consequence of their major presence in the sector and their rising retail price.
In 2002 there were 946,053 tractors in Spain (73.57% of all agricultural machines in the country), while in 1994 there were only 789,747. The second hand tractor market in Spain is very important. Figure 1 shows the number of title changes in 2003 by machine age, and draws attention to the fact that tractors over 20 years old account for the largest number of transactions. Spain's agricultural tractor population is therefore largely obsolete. The average age of a working tractor is 16 years, and nearly one third (31.7%) are over 20 years old.
The main aim of the present study was to determine the behaviour of the market value of second hand agricultural tractors in Spain, and to obtain models that estimate their value over their lifespan with respect to their horsepower. This study shows that traditional horsepower grouping appears to have no influence on second hand value; a more suitable horsepower classification is therefore proposed.
Data sources
The source of information used for obtaining the market price of used tractors was the MOMA catalogue. The MOMA acts as an intermediary, buying and selling tractors, and publishes lists of prices each semester. In the present study, seven catalogues were used, dating from December 1999 to December 2002.
A matrix was then created with 12,570 observations and with the 42 variables shown in Table 2 purchase price, and one to explain the sale price. However, these models were very similar, and only the latter is therefore presented. The f irst four explanatory variables are of a temporal nature: the homologation year (which is supposed to coincide with the year the tractor is sold new), the appraisal year (or the year when the catalogue was published), the publication semester, and finally the age of the tractor (estimated as the difference between the appraisal and homologation years). A second group of variables refers to the mechanical characteristics of the tractors: power (hp), number of cylinders, and whether the engine has turbo capability.
In a third group, the locomotive characteristics of the machine are taken into account: whether the tractor is two-wheel or four-wheel drive, and whether it has wheels or tracks. The model (standard, fruit, vineyard, articulated or rigid) is also taken into account.
The fourth group of variables refers to safety and comfort (the existence of a cabin, air-conditioning, wide or thin wheels, field of vision, old or modern front, etc.).
Finally the tractor manufacturer appears as a dummy or binary variable; this has also been taken into account in other studies (for references see Table 1 ).
The number of hours of use of the tractors was a further variable employed by some authors in their models, e.g., Perry et al. (1990) , but this information was not available for the present study.
Methodology
Ordinary least squares (OLS) regression was used to obtain the depreciation model, and cluster analysis to identify the new horsepower groups.
The relationship between the absolute remaining value, V, and the explanatory variables (Table 2) It was not possible to obtain the monetary values of tractors under four years of age; the catalogue contained no data for these years. However, using the following expression, it was possible to obtain relative monetary values for any year of usage between 4 and 29 years:
[2]
where k = constant, V a 1 = value of a tractor model with an age of a 1 years, and V a 2 = value of a tractor model with an age of a 2 years (a 2 > a 1 ).
For multivariate techniques to be used, the data and the relationships between the variables must be normally distributed, homocedastic, and linear. Following the same method as other authors (see Table 1 ), Box-Cox transformations (Box and Cox, 1964) were performed for each variable (dependent and independent). This allows the use of functional forms ranging from geometrical to Cobb-Douglas forms to be obtained. All Box-Cox transformations were performed using the equation below Once the corresponding models were obtained, the adherence to normality, homocedasticity and linearity was checked by means of residual analysis.
Cluster analysis (Peña, 2002) was then used to group elements or variables into homogeneous classes depending in the similarities between them.
General depreciation model
The model 1 constructed is of the linear-logarithmic type; Table 3 shows the results obtained with this model. Figure 2 shows that, in the model, the requirements of linearity, normality and homocedasticity were adhered to since no clear tendency was seen in the dispersion between the predicted typified values and the typified values of the residuals.
Tractor power, age, type of traction, the presence or not of air-conditioning, and the manufacturer together explained 89.8% of the value of the used tractors. Power alone explained 47.73% of the value, while power and age together explained 73.4%. The variables semester and appraisal year were not included in the proposed model; these factors did not seem to influence tractor value during the period 1999-2002. Neither were the variables number of cylinders, turbo-capability, tractor version, the presence of a cabin, etc. (see Table 2 ) taken into account due to their high correlation with horsepower; their inclusion would have generated an undesirable multicolinearity effect. The model allows some clear conclusions to be drawn: greater horsepower, four-wheel drive, and the presence of air-conditioning increases the price of used tractors, and age reduces it. When there is equality across these factors, the manufacturer affects the price; Avto tractors (Manufacturer 3) were the cheapest, and Fendt tractors (Manufacturer 9) the most expensive. The value that a tractor can demand over its life since its fourth year is shown by expression [6].
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;
[6]
Expression [6] can be used to estimate the percentage value of the tractor with respect to its value at 4 years. Figure 3 shows the change in the remaining value with respect to the value at 4 years.
To attempt to determine the change in a tractor's value over its entire life, information was collected on showroom prices 2 . This allowed the remaining value of a 4 year-old tractor to be determined as a percentage of its showroom price. Table 4 shows the percentages obtained (column 2) for tractors made by the seven main manufacturers. In the third column, the table shows the same for 29 year-old tractors calculated using equation [6] . Thus, a 4 year-old tractor maintains 56.16% of its showroom value, and 16.78% of this when it has reached the age of 29 years. In other words, during the first four years of a tractor's life, its value depreciates by 43.84%; during the following 25 years it falls by a further 39.38%. L. Fenollosa and N. Guadalajara Olmeda / Span J Agric Res (2007) 5(2) Consequently, assuming an average value of 56.16% of the showroom price when a tractor is four years old, the original Figure 3 can be expanded to include the first four years of tractor life. Figure 4 shows the remaining value over the entire life span.
Models of depreciation by power group
Since horsepower was the variable that most influenced tractor value (explaining 47.73%), a model of depreciation by power group was sought (as undertaken by Perry et al., 1990; Arias, 2001; Guadalajara, 2002) in order to invest the variable age with more influence, and to identify any differences in depreciation behaviour between tractors of different horsepower. Based on the work of Arias (2001), three groups of tractors were identif ied: small (≤ 60 hp, about 28.8% of all tractors considered), medium (60-90 hp; 41.8%) and large (> 90 hp; 29.35%). Table 5 shows the coefficients used in the depreciation model in each group.
The most influential variable in all groups was age, followed by power and manufacturer in the case of the smaller tractors. The type of traction did not influence the value of the small tractors, nor did the presence of air-conditioning; the smallest tractors do not have sufficient power to run air-conditioning or four-wheel drive systems. In the other two groups, the type of traction and the presence of air-conditioning were more influential on the price than the power of the machines themselves.
Thus, more powerful tractors suffer greater depreciation than those of the other g roups; the coefficient of the age variable is greater. In fact, even though the mean age of tractors in the three groups was 16 years, the most common age for large tractors was 11 years, while the medium tractors had a mean age of 15 years and the small tractors a mean age of 23 years.
Starting with the coeff icients for the variable «age» in each category (Table 5) 
A proposed classification of tractors by power group; effect on depreciation
The above grouping of tractors by horsepower is that most commonly used. However, in terms of tractor depreciation, this may not be the most adequate. Figure 5 , for example, shows the depreciation curves of small and medium tractors to be very similar. Cluster analysis was therefore used to obtain a different power classification 3 that worked better with the depreciation model. Table 6 shows the results obtained with the central values for each cluster and the number of observations. The resultant classification was: small tractors (13-79 hp), medium tractors (80-133 hp), and large tractors (134-263 hp). According to this new classification, the number of small tractors represented 62.66% of the total observations, medium tractors 31.52%, and large tractors 5.82%. Econometric models were obtained for each of these new tractor group (Table 7) .
In general, with the new cluster classification the model better reflected the influence of horsepower on the change in market value. In small tractors, traction became a more important variable since, under the new rating, these have more power and therefore more chances of having four-wheel drive. This classification is similar to that used by Cross and Perry (1996) (< 80, 80-150, > 150 hp) and Wu and Perry (2004) (< 80, 81-120, 121-145, > 145 hp) .
With respect to medium tractors, a number of variables, such as air conditioning, were no longer important. With respect to the larger tractors, the variables important in their depreciation remained the same.
The coefficient of the variable age did not vary in the new group of small tractors (-0.041), but it increased in the corresponding groups of medium (-0.0569 instead of -0.0455) and large tractors (-0.0687 instead L. Fenollosa and N. Guadalajara Olmeda / Span J Agric Res (2007) of -0.0583). Thus, the new classif ication obtained greater differences in depreciation. Analogously, using these coefficients and applying expression [2] , the change in value with age for each power group is represented by:
-Small tractors (P < 80 hp):
[10]
-Medium tractors (80 hp ≤ P ≤ 133 hp):
[11]
-Large tractors (P > 133 hp):
[12]
See Figure 6 for a graphical representation.
Conclusions
The following conclusions can be drawn: 1. Tractors are the most commonly used agricultural machinery in Spain, both in terms of present numbers and the increase in their numbers over recent years. Following the second hand tractor market is therefore very important. Tractors over 20 years of age accounted for more than 40% of all title changes in 2003; this gives an impression of the obsolete nature of Spain's tractors.
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2. The Plan Renove promoted by the Spanish government in 2005 (supported by ANSEMAT), and the introduction of the IAS system justify the need to establish methods that can more accurately determine the depreciation of the country's tractors.
3. With respect to the valuation of used agricultural machinery, the Anglo-Saxon school is more developed; in Spain, studies in this area have been scarce. This may be related to the amount of data available in each country; in the USA, information is abundant and easy to access. This justifies the use of econometric methods to determine machinery values. In Spain, however, MOMA purchase and sale price information is published only in a paper format, and only a few internet sites with information in this area exist.
4. All of the models for estimating the remaining value of tractors are of the linear-logarithmic type.
5. Based on the general model for used tractors in Spain, power alone accounts for nearly 50% of a machine's value. Power and age together explain some 73.4%; if the traction type, the existence of air-conditioning and the manufacturer are taken into account, some 90% is explained. 6. A general empirical model for calculating the depreciation of used tractors is proposed. This is a linearlogarithmic model (decreasing type) with a coefficient of -0.048 for the variable age. It is valid for use with tractors between the ages of 4 and 29 years. The change in value over the first four years is uncertain, but in general, a 4 year-old tractor keeps 56.16% of its showroom value, and 16.78% at 29 years. Further, more detailed studies analysing depreciation in the first four years of a tractor's life are required.
7. Using the new power groups obtained from cluster analysis -small tractors (< 80 hp), medium tractors (80-133 hp) and large tractors (> 133 hp)-better reflects the influence of horsepower on the change in market value. In both the traditional and cluster analysis-derived groupings, tractors of larger size are those that depreciate in value most quickly.
